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Description 



Method and System for Downhole Clock 
Synchronization 

Cross Reference to Related Applications 

[0001] The present application is a continuation-in-part of co- 
pending U.S. Patent Application Serial No. 10/710,790 
filed on August 3, 2004, which is herein incorporated by 
reference. Said application, Serial No. 10/710790 claims 
priority of co-pending U.S. Provisional Patent Application 
Serial No. 60/481,225 filed August 13, 2003, which is 
herein incorporated by reference. 
Federal Research Statement 

[0002] This invention was made with government support under 
Contract No. DE-FC26-01NT41229 awarded by the U.S. 
Department of Energy. The government has certain rights 
in the invention. 
Background of Invention 

[0003] The present invention pertains to drilling operations and, 



more particularly, to the synchronization of clocks over a 
downhole network. In modern drilling, much importance 
is placed on the gathering of accurate, concise, and de- 
tailed information about the drilling environment. This in- 
formation may prove itself to be invaluable upon making 
decisions relating to drilling operations and strategy. For 
example, detailed information regarding the shape and 
content of a natural formation can be a valuable resource 
for electing a point of entry into the formation. 

[0004] Such information is often collected using seismic mea- 
surements, a practice well known in the art. Typically, a 
seismic source is used to send acoustic waves through an 
earth formation. The waves disperse through the forma- 
tion, bouncing off of various features of the formation and 
causing reflection waves which are detected by sensors 
situated at different locations relative to the formation. 
The data from the reflection waves is analyzed to deter- 
mine physical characteristics of the formation. 

[0005] Such measurements are most advantageous when they are 
compared with other measurements from different loca- 
tions during the same time interval. In order for seismic 
and other measurements to provide an accurate depiction 
of the object of interest, precise time-specific data are 



ideal. Often this involves the use of synchronized clocks in 
which the data taken from several locations is overlaid for 
a given time interval. However, some of the most useful 
seismic measurements in a drilling environment are 
recorded downhole. A typical drill string can be as long as 
10,000 to 20,000 feet. Due to extremes in temperature, 
pressure, vibration, jolts, and other factors, a downhole 
clock can very easily develop a drift from a clock located 
on the surface or at another location on the drill string. 
Various methods of establishing and maintaining a system 
of two or more synchronized clocks in a drilling environ- 
ment are recognized in the art. 
[0006] U.S. Pat. No. 6,614,718 to Cecconi et al. discloses a device 
and method allowing seismic measurements to be per- 
formed in a well during drilling, comprising, above 
ground, a seismic source and a recorder connected to one 
or several seismic reference sensors and, downhole, a 
seismic sensor mounted in a drill string, wherein the seis- 
mic sensors and recorders comprise a low drift synchro- 
nized clock system, characterized in that the clock com- 
prising the underground seismic sensor is a dual mode 
type clock. 

[0007] U.S. Pat. No. 6,400,646 to Shah et al. discloses an acoustic 



system for synchronizing a clock in a well containing a 
drill string with a clock located near the surface of the 
well. The system includes devices for transmitting and re- 
ceiving a pair of acoustic signals between locations com- 
prising each clock and processing those signals. 

[0008] U.S. Pat. No. 6,424,595 to Chenin discloses a method for 
downhole clock synchronization without the use of an 
electrical connection. The clocks are synchronized using 
acoustic and mud pulse communication methods. 

[0009] U.S. Pat. No. 6,439,046 to Kruspe, et al. discloses an ap- 
paratus and method for synchronized formation measure- 
ment wherein a sensor is mounted on a drill string for 
sensing a parameter of interest. Two clocked controllers 
are synchronized such that the surface controller is per- 
forming certain tasks in timed sequence with the sensor 
even though the surface controller is not connected to the 
sensor. 

[0010] Further, several types of systems for taking downhole 

measurements currently exists. Often logging instruments 
are lowered into a well bore during a pause in drilling. 
Another system is described in U.S. Pat. No. 6,670,880 to 
Hall, et al., which discloses a downhole data transmission 
system in which data can be transmitted through a string 



of downhole components. In one embodiment of the "880 
patent, a tool string comprises a plurality of downhole 
components, each with a first transmission element in one 
end and a second transmission element in another end. 
Each transmission element comprises a magnetically con- 
ductive, electrically insulating trough that houses an elec- 
trically conductive coil. The coils in each end of the com- 
ponent are connected by an electrical conductor. When 
the components are connected in a drill string, data 
transmission is enabled through the drill string. When 
measurements are made downhole, they may be conveyed 
to the surface by means of the system incorporated into 
the tool string. 
Summary of Invention 

[0011] The present invention relates to a method and a system 
for synchronizing two or more clocks in a downhole net- 
work. 

[0012] The method comprises determining total signal latency 
between a controlling processing element comprising a 
synchronizing clock and at least one downhole processing 
element comprising at least one downhole clock. Both 
processing elements are connected to a downhole net- 
work. The method further comprises the controlling pro- 



cessing element sending a synchronizing time adjusted 
for total signal latency over the downhole network to the 
downhole tool processor. 
[0013] It should be noted that, as used herein, the term "down- 
hole" is intended to have a relatively broad meaning, in- 
cluding such environments as drilling in oil and gas; gas 
and geothermal exploration; and the systems of casings 
and other equipment used in oil, gas, and geothermal 
production. 

[0014] It should also be noted that the term "latency"is intended 
to have a relatively broad meaning. "Computational la- 
tency" refers to the amount of time it takes for an instruc- 
tion to be received and processed in a device (i.e. the time 
elapsed between receiving a request for information and 
transmitting said information). "Transmission latency" 
refers to the amount of time it takes for an electrical pulse 
to travel from one device to another over a downhole net- 
work integrated into a downhole tool string. "Total signal 
latency" refers to a combination of computational latency 
and transmission latency. 

[0015] The downhole network comprises a downhole data trans- 
mission system comprising a plurality of downhole com- 
ponents; each with a communication element proximate 



one end connected to a communication element proxi- 
mate another end by an electric conductor. In some em- 
bodiments, the downhole network is governed by a server 
processor. In other embodiments, the downhole network 
is a peer-to-peer network. The downhole network pro- 
vides a fast means of communication between a plurality 
of devices connected to it. In one embodiment, the com- 
munication elements in the downhole components com- 
prise inductive coils encapsulated in circular magnetically 
conductive, electrically insulating troughs. Data transmis- 
sion rates in such a system may reach in excess of 
1,000,000 bits/second. 
[0016] In accordance with one embodiment of the invention, 

electronic time stamps are used to measure transmission 
latency between the processing elements by logical com- 
putations. The controlling processing element may be a 
computer processor located at the surface of a drilling 
operation. Preferably, the controlling processing element 
is connected to a time source such as a Global Positioning 
System (CPS) receiver. In other embodiments, the time 
source may be in communication with the controlling pro- 
cessing element over a local area network (LAN). The at 
least one downhole processing element may be a down- 



hole tool processor, and is in electronic communication 
with a clock. Both processing elements are also in com- 
munication with the downhole network through a plurality 
of transmission elements, such as may be found in sec- 
tions of drill pipe in a downhole drill string. The method 
further comprises the controlling processing element de- 
termining a synchronization time adjusted for total signal 
latency, and sending an instruction to the downhole pro- 
cessing element to set the downhole clock to the synchro- 
nization time. Further the downhole clocks may be dis- 
tributed along the downhole tool string. The clocks may 
also be associated with tools selected from the group 
consisting of mud motors, turbines, jars, repeaters, am- 
plifiers, nodes, mud hammers, shock absorbers, reamers, 
under-reamers, fishing tools, steering elements, MWD 
tools, LWD tools, seismic sources, seismic receivers, sen- 
sors, modems, swivels, pumps, perforators, other tools 
with an explosive charge, mud-pulse sirens, well casing, 
blow-out preventors, bottom hole assemblies, switches, 
routers, multiplexers, piezoelectric devices, optical trans- 
mitter, optical regenerators, optical receivers, and wireless 
transceivers. The clock may be in a node which communi- 
cates with a tool, or the clock may be incorporated in the 



tool. In one aspect of the invention all of the nodes have 
clocks, in other embodiments only some of the nodes 
have clocks. Further all of the tools downhole may com- 
prise a clock, or only some of the tools may comprise a 
clock. 

[0017] A method for determining total signal latency between at 
least two processing elements connected to a downhole 
network comprises a controlling processing element com- 
prising a synchronizing clock sending instructions over a 
downhole network to at least one downhole processing 
element comprising at least one downhole clock. The 
downhole processing element performs the requested ac- 
tions and may send information to the controlling pro- 
cessing element. Time stamps may be used to determine 
transmission and arrival times of messages between the 
processing elements. 

[0018] A system for synchronizing at least two clocks connected 
to a downhole network comprises a controlling processing 
element in electronic communication with a downhole 
synchronizing clock and connected over a downhole net- 
work to a plurality of downhole processing elements, 
wherein each downhole processing element is in elec- 
tronic communication with at least one clock. The con- 



trolling processing element may be an integrated circuit, a 
processor, or a computer. Each processing element may 
further comprise hardware that enables the processing el- 
ement to receive an instruction and comply with the in- 
struction in a fixed amount of time. The plurality of 
downhole processing elements may be distributed 
throughout the length of the drill string, and each down- 
hole processing element may further comprise at least 
one sensor for sensing a parameter of interest. 
[0019] The present invention provides an advantage of accurately 
synchronizing downhole clocks in a short amount of time, 
thus saving time and operating costs as well as improving 
the quality of downhole operations. 
Brief Description of Drawings 

[0020] Fig. 1 is a perspective cross-sectional view of an embodi- 
ment of a downhole network. 

[0021] Fig. 2 is a block diagram of one embodiment of the down- 
hole clock synchronization system. 

[0022] Fig. 3 is a block diagram of another embodiment of the 
downhole clock synchronization system. 

[0023] Fig. 4 is a block diagram of another embodiment of the 
downhole clock synchronization system. 

[0024] Fig. 5 is a flowchart diagram illustrating one embodiment 



of the method to synchronize clocks over the downhole 
network. 

[0025] Fig. 6 is a block diagram of an apparatus for fixing com- 
putational latency. 
Detailed Description 

[0026] The disclosed description is meant to illustrate selected 
embodiments of the present invention, and not to limit its 
scope. In the interest of clarity, not all of the implementa- 
tion-specific details of the present invention are disclosed 
below. As will be recognized by those who have ordinary 
skill in the art, many implementation-specific details of 
the following embodiment may be modified without de- 
parting from the spirit and scope of the present invention. 

[0027] Fig. 1 illustrates a downhole network 90 integrated into a 
downhole tool string 31. The downhole network 90 com- 
prises a controlling processing element 33 and a plurality 
of nodes 91 in communication with each other through a 
downhole data transmission system 92 integrated into 
downhole components in a downhole tool string 31. The 
controlling processing element 33 is preferably a surface 
computer, but in other embodiments the controlling pro- 
cessing element 33 may be any electronic processor 
known to the art or an integrated circuit. 



[0028] Each of the downhole components in the downhole tool 
string 31 comprises a communication element in a first 
end connected by an electrical conductor to a communi- 
cation element in a second end, creating a transmission 
system through which data can travel between various de- 
vices and tools in the network 90. One particular imple- 
mentation employs a downhole data transmission system 
disclosed more fully in U.S. Pat. No. 6,670,880 to Hall, et 
al., herein incorporated in its entirety by reference. In 
other embodiments the communication elements may be 
optical fiber couplers, acoustic couplers, or even direct 
electrical contacts. A downhole data transmission system 
92 enables the rapid exchange of data between a node 91 
and the controlling processing element 33, or between in- 
dividual nodes 91 in the network 90. Each node 91 or 
other device in the network 90 may comprise its own pro- 
cessing element 33, 96 (see also Figs. 2-4). 

[0029] As in most networks, electronic packets 93, 94 are used 
to transfer data among the various nodes 91 or other de- 
vices connected to the network 90. Packets 94 may be 
transmitted downhole, and packets 93 may be transmitted 
uphole. The downhole network 90 may make use of any 
protocol known in the art to enable communication be- 



tween the nodes 91 or other devices. 

[0030] A more specific implementation of the downhole networl< 
90 is more fully discussed in U.S. Patent Application Serial 
No. 60/481225, entitled "Distributed Downhole Drilling 
Network," and filed August 13, 2003 in the name of David 
Hall, et. al., which is herein incorporated by reference. 

[0031] Fig. 2 discloses one embodiment of the present invention. 
A controlling processing element 33 is connected to a 
synchronizing clock 100. In alternate embodiments of the 
invention, the synchronizing clock 100 is an integral part 
of the controlling processing element 33. The controlling 
processing element is in communication with a plurality of 
nodes 91 through the downhole network 90. Any process- 
ing element 33, 96 of the present invention may be an in- 
tegrated circuit, an electronic processor, or a computer 
system. The synchronizing clock 100 comprises a clock 
source which may comprise at least one crystal, at least 
one transistor, at least one RC circuit, at least one LC cir- 
cuit, at least one RLC circuit, or any other clock source 
known in the art. The controlling processing element 33 is 
able to perform certain functions relative to the synchro- 
nizing clock 100. For example, the controlling processing 
element 33 may receive the current time of day from the 



synchronizing clock 100 or set the synchronizing cloclc 
100 to a given time. 

[0032] Communication over the network 90 is handled by the use 
of network interface modems (NIMs) 97 in both the nodes 
91 and the controlling processing element 33. A NIM 97 
modulates and demodulates packets 93, 94 (see Fig. 1) 
transmitted between devices. 

[0033] Each node 91 in Fig. 2 further comprises a downhole pro- 
cessing element 96, and a clock 98. In alternate embodi- 
ments, some nodes 91 may comprise downhole clocks 98 
while others do not. The downhole processing element 96 
in each node 91 is able to interpret data received over the 
network 90 through the NIM 97 in order to perform spe- 
cific functions. Each downhole processing element 96 of 
each node 91 may also transmit requested information 
over the network 90 to another node 91 or device (not 
shown in FIG. 5) through its NIM 97. Downhole processing 
elements 96 in individual nodes 91 may further perform 
specific functions on their associated downhole clocks 98, 
such as reading the clock time or setting the clock time to 
a certain value. 

[0034] The controlling processing element 33 is able to coordi- 
nate and direct the synchronization of downhole and syn- 



chronizing clocks 98,100, respectively, through specific 
directions that it sends to downhole processing elements 
96 in individual nodes 91, functions performed on the 
synchronizing clock 100, and data received from the 
downhole processing elements 96 of the nodes 91. 

[0035] Referring now to Fig. 3, another embodiment of the 

present invention is disclosed. In this embodiment, the 
controlling processing element 33 comprises a computer 
network server 33 that is connected to a global position- 
ing service (CPS) receiver 101. The GPS receiver 101 may 
provide the controlling processing element 33 with accu- 
rate time of day readings. The controlling processing ele- 
ment 33 may set the synchronizing clock 100 to coincide 
with the GPS data that the controlling processing element 
33 receives, thus providing a means by which all of the 
clocks 98, 100 may be accurately synchronized to a stan- 
dardized time. In other embodiments of the invention, the 
controlling processing element 33 may be connected to 
another time source such as a local area network (LAN), a 
wireless network, or the internet. 

[0036] A data swivel 34 is used to transmit data through the 

downhole network 90 while the drill string 31 is rotating. 
One particular implementation employs a swivel disclosed 



more fully in United States Application Serial No. 
10/315,263, entitled "Signal Connection for a Downhole 
Tool String", and filed December 10, 2002, in the name of 
the inventors David R. Hall, etal, which is herein incorpo- 
rated by reference. Each node 91 is similar to those of the 
embodiment in FIG. 2 in that it comprises a NIM 97 and a 
downhole processing element 96 that may perform func- 
tions on a downhole clock 98. 
[0037] Referring to Fig. 4, another embodiment of the present 
invention is represented. The controlling processing ele- 
ment 33 is a computer network server connected to a CPS 
receiver 101. 

[0038] The nodes 91 in the downhole network further comprise 
data routers 112 and communication ports 113. Nodes 91 
may also comprise additional circuitry (not shown) such as 
signal repeaters, additional sensors, power sources, and 
the like that may be useful in the downhole network but is 
not necessarily related to the synchronization of clocks 
98, 100. 

[0039] In the preferred embodiment, various downhole tools 104 
may be connected to the downhole network 90 through 
coupling the communication ports 113 of the nodes 91 in 
the downhole tool string 31 with the communication ports 



113 of the tools. Downhole tools 104 that may be con- 
nected to the nodes 91 through ports 113 include jars, 
motors, reamers, shock absorbers, turbines, hammers, 
blowout preventers, steering devices, mud pulse sirens, 
seismic sources, seismic receivers, drill bits, and NMR 
tools. Each downhole tool 104 may comprise a downhole 
processing element 96 that can perform functions on a 
downhole clock 98. As is the case of the nodes 91, the 
downhole processing element 96 in the tools 104 may 
comprise an integrated chip, an electronic processor, or a 
more complex computer system. The downhole process- 
ing element 96 in the tools 104 may also control sensors 

103 and/or actuators 102. In this embodiment, the con- 
trolling processing element 33 may synchronize any of 
the clocks 98, 100 in the nodes 91 or the downhole tools 

104 to a common time base through the downhole net- 
work 90. 

[0040] Referring now to Fig. 5, a preferred embodiment of the 

present invention comprises hardware that fixes the com- 
putational latency in a node 91 to a constant. Computa- 
tional latency is defined as the amount of time elapsed 
between receiving an instruction from the network and 
completely processing it. Fixed computational latency re- 



duces error in computing total signal latency by eliminat- 
ing the element of error in the calculation process con- 
tributed by indeterminate processes such as interrupts or 
clock cycles. One particular implementation of the inven- 
tion comprises a high-priority module 35. A processing 
element 33, 96, as described in the preceding figures, 
may comprise a high-priority module 35. In some embod- 
iments, a high-priority module 35 may be considered a 
separate processing element 33, 96, and previously dis- 
closed. 

[0041] Fig. 5 shows the preferred embodiment of a node 91 with 
an apparatus for fixing computational latency. The high 
priority module 35 is in communication with the network 
interface modem 97. The high priority module 35 is also 
in communication with the clock 98,100. The high priority 
module 35 may comprise a packet assembler 40, a packet 
disassembler 41, and hardware 51 for performing opera- 
tions. The high priority module 35 is also in communica- 
tion with the rest of the local node circuitry 37. The 
packet disassembler 41 interprets packets as instructions 
to pass to either the hardware for performing operations 
51 or to the rest of the local node circuitry 37. 

[0042] It should be noted that the term "deterministic region" 



refers to an area where the time required for operations is 
without significant variation, and may be calculated. The 
term "non-deterministic region" refers to an area where 
the time required for operations has significant variation, 
and is indeterminate. The term "deterministic bound- 
ary"refers to a boundary between a deterministic region 
and a non-deterministic region. 

[0043] The deterministic boundary 36 is the division between the 
deterministic region 42 and the non-deterministic region 
43. The deterministic region encompasses the NIM 97, the 
high priority module 35, and the clock 98,100. 

[0044] The high priority module 35 may fix the time it takes to 
process some instructions by processing them entirely 
within the deterministic region 42. The hardware 51 for 
performing operations is specially configured to process 
high priority instructions in a fixed amount of time for 
each operation. When a high priority packet is received by 
the NIM 97, the packet disassembler 41 may parse it into 
individual instructions. The packet disassembler 41 may 
recognize an instruction as high priority and process it in 
the hardware 51 for performing operations without pass- 
ing the instruction on to the rest of the local node cir- 
cuitry 37. 



[0045] In general, the high priority module 35 is responsible for 
passing information between the local node circuitry 46 
and the NIM 97. Loading a buffer 91 for the local node 
circuitry 37 may be considered non-deterministic, and 
therefore may fall within the non-deterministic region 43. 
Actions such as reading and setting the clock 98, 100, ac- 
tuating an actuator, or receiving oscillations from a clock 
source may be considered to be deterministic, and may be 
handled by the high priority module 35. 

[0046] Referring now to Fig. 6, a method is disclosed for the syn- 
chronization of at least two clocks over a downhole net- 
work. The synchronization process may be initiated man- 
ually through a controlling processing element located 
above the ground or automatically, such as before a mea- 
surement is made or a certain action performed. The 
method for downhole clock synchronization comprises 
determining 104, 105, 106, 107, 108,111 the total signal 
latency between a controlling processing element 33 in 
electronic communication with a synchronizing clock 100 
and a downhole processing element 96 in electronic com- 
munication with a downhole clock 98 and sending 110 a 
request to the downhole processing element 96 to set the 
downhole clock 98 to a synchronizing time t adjusted for 



total signal latency. 
[0047] In the preferred embodiment of the method, the control- 
ling processing element 33 sends a first request 104 to 
the downhole processing element 96 over the downhole 
network 90 to set the downhole clock 98 to a specified 
time t . In this embodiment, time t is the current time of 

n n 

day according to the synchronizing clock 98. Preferably, 
requesting 104 the downhole processing element 96 to 
set the downhole clock 98 to a specified time t includes 

n 

the controlling processing element 33 assembling a 
packet with a placeholder for the clock reading and send- 
ing it across a deterministic boundary to a high priority 
module 35 which reads the clock 98, inserts the clock 
reading (i.e. the specified time t ) into the packet, and 

n 

transmits the packet over the downhole network to the 
downhole processing element 96. 
[0048] The downhole processing element 96 receives the packet 
containing the first request 104 from the controlling pro- 
cessing element 33 and processes it. In the preferred em- 
bodiment, the downhole processing element 96 processes 
the request completely in a high-priority module 35 by 
receiving the packet through a NIM 97, disassembling and 
recognizing the packet 94, and setting 105 the downhole 



clock to the specified time t received in tlie pacl<et witliin 

n 

a fixed period of time. Wlien tlie downliole clocl< 98 is set 
105 to tlie specified time t , an offset is created between 

n 

the synchronizing clocl< 100 and the downhole clocl< 98 
approximately equal to the total signal latency from the 
controlling processing element 33 to the downhole pro- 
cessing element 96. 
[0049] The preferred embodiment of the method further com- 
prises the controlling processing element 33 sending a 
second packet to the to the downhole processing element 
96 requesting 106 the downhole processing element 96 
to relay a downhole clock reading (time t^) back to the 
controlling processing element 33. Preferably, the second 
request 106 is processed by the downhole processing ele- 
ment 96 outside the deterministic boundary by assem- 
bling an electronic packet with a placeholder for the clock 
reading. The high priority module 35 of the downhole 
processing element 96 then completes the operation 
within the deterministic boundary by reading the down- 
hole clock 98, inserting the downhole clock reading (time 
t^) into the packet, and transmitting 107 the packet to the 
controlling processing element 33. Time t^ is the time ac- 
cording to the downhole clock 98 at the approximate in- 



stant the second request 106 is transmitted. 
[0050] The controlling processing element 33 records 108 the 
value of time t^ as received by the downhole processing 
element 96 and the reading of the synchronizing clock 
100 at the approximate instant (time t ) in which time t is 

X z 

received by the controlling processing element 33. Prefer- 
ably, the controlling processing element 33 comprises a 
high-priority module 35 that disassembles and at least 
partially processes the packet from the downhole pro- 
cessing element 96. Time t^ may be recorded by an elec- 
tronic time stamp. The values of times t and t may be 

Z X 

stored in memory incorporated into the controlling pro- 
cessing element 33. In the preferred embodiment, the 
process of computing 104, 105, 106, 107 and recording 
108 values of times t and t is repeated 111 a set num- 

Z X 

ber of iterations in order to compute the values of several 
distinct t^ and t^ pairs. Alternately, only one t^ value and 
one t value may be recorded 108. 

X 

[0051] Preferably, the values recorded 108 for times t and t are 

Z X 

used by the controlling processing element 33 to logically 
compute 109 approximate one-way total signal latency 
between the controlling processing element 33 and the 
downhole processing element 96. One method by which 



this may be done is tliat of assuming tlie one-way total 
signal latency going down the borehole to be equal to the 
one-way total signal latency coming up the borehole. The 
one-way total signal latency may then be determined by 
computing the difference between a t^ and t^ pair and di- 
viding it by two. 

[0052] In other embodiments of the present invention, different 
methods for determining total signal latency may be used. 

[0053] Once the approximate one-way total signal latency be- 
tween the controlling processing element 33 and the 
downhole processing element 96 is known, a synchroniz- 
ing time t is determined by the controlling processing el- 
q 

ement 33. A request 110 is sent to the downhole process- 
ing element 96 to set the downhole clock 98 to the syn- 
chronizing time t adjusted for one-way total signal la- 
q 

tency, being (t + one-way total signal latency). When 

q 

more than one t^ and t^ pair has been recorded 108, 111, 
the number for one-way total signal latency may be an 
average of several computed values. The controlling pro- 
cessing element 33 then sends a packet to the downhole 
processing element 96, requesting 110 the downhole 
processing element 96 to set the downhole clock 98 to a 
synchronizing time adjusted for one-way total signal la- 



tency (t + one-way total signal latency). Time t is the 
q q 

reading of tlie synclironizing clocl< 100 at tlie approxi- 
mate instant tlie packet with request 110 is transmitted. 
Preferably, the packet with request 110 is transmitted and 
processed in the same manner described above for the 

first request 104. Thus, at approximately time (t + total 

q 

signal latency) the downhole clock 98 is synchronized to 
the synchronizing clock 100. 

[0054] In selected embodiments, a plurality of downhole clocks 
98 at a plurality of locations along the downhole tool 
string 31 may be synchronized with the synchronizing 
clock 100 using the method described above. In other 
embodiments, a plurality of downhole clocks 98 governed 
by one downhole processing element 96 in a tool 104 or a 
network node 91 may be concurrently synchronized. 

[0055] Whereas the present invention has been described in par- 
ticular relation to the drawings attached hereto, it should 
be understood that other and further modifications apart 
from those shown or suggested herein, may be made 
within the scope and spirit of the present invention. 



